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. .  
INTRODUCTION 

The economics of  t h e  n a t u r a l  gas i n d u s t r y  are l a r g e l y  i n f l u -  
enced by the demands o f  a h i g h l y  seasonal  market. 
demands of t h i s  market, t h e  i n d u s t r y  must operate  within the confines  
o f  governmental regula tory  bodies.  

The increasing importance of n a t u r a l  gas  i n  t h e  o v e r a l l  energy 
p i c t u r e  of t h e  United S t a t e s  i s  depicted in Fig. 1. 
creased i t s  share of  the t o t a l  energy market from 18.0 percent  i n  
1950 t o  29.7 percent i n  1963.l  A t  t h e  present  rate of growth, t h e  
pro jec ted  market for n a t u r a l  gas  w i l l  be 17,880 t r i l l i o n  B.t.u. i n  
1975.l The large-scale  movement of  n a t u r a l  gas  from es tab l i shed  sup- 
p l y  sources  t o  e x i s t i n g  and developing consumer markets e n t a i l s  a 
v a r i e t y  o f  operat ions:  the production, p u r i f i c a t i o n ,  t ranspor ta t ion ,  
s torage,  and d i s t r i b u t i o n  o f  n a t u r a l  gas. 
d u s t r y  are character ized by the major d i f f e r e n c e s  i n  t h e  c o s t s  of 
production and u t i l i z a t i o n .  These d i f f e r e n c e s  are not  due s o l e l y  t o  
the opera t ions  cited above b u t  a l s o  t o  o ther  f a c t o r s  such as 
varying rate s t r u c t u r e s  and f i e l d  cont rac ts .  

I n  meeting the 

Gas has in-  

The economics o f  the in- 

GAS PRODUCTION 

I n  considerat ion of  the r i s k s  involved, t h e  explorat ion,  de- 
velopment, and production of a n a t u r a l  gas  f i e l d  r e q u i r e s  a tremen- 
dous investment. The major c o s t s  i n  production are t h e  land, the 
r i g h t s ,  and t h e  d r i l l i n g  o f  a p o t e n t i a l  f i e l d .  Although no f ixed  
va lues  can be set on the f i r s t  two items because t h e y  vary, w e l l  
d r i l l i n g  c o s t s  are t a b u l a t e d  and are w e l l  known. Unfortunately, 
ever w e l l  d r i l l e d  i s  n o t  product ive.  Thus i n  1962, of a t o t a l  of 
43,994 o i l  and a s  w e l l s  d r i l l e d  i n  t h e  U.S., 16,684 o r  38 percent 
were d r y  h o l e s  ?Table 1). 
The success  of wildcat  wells i s  much lower. 

These statistics inc lude  development wells. 

Average wel l  depths  are increas ing  and, consequently, t h e  cos t  
' p e r  f o o t  d r i l l e d .  The s i x t h  (1962) j o i n t  survey of t h e  cos t  of 

d r i l l i n g  and equipping wells i n  t h e  United S t a t e s  undertaken by t h e  
American Petroleum I n s t i t u t e ,  the Independent Association o f  Americaio 
and t h e  Mid-Continent O i l  and Gas Association r e v e a l s  the following: 
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Table l.-SUMMARY OF 1962 DRILLING 

O i l  - G a s  Dry Tota l  
Wells d r i l l e d  21,402 5,858 16,684 43,944 
Footage d r i l l e d  

( thousands) 86,494 31,432 75,631 193,557 
Expenditures ( $ mil l ion )  1 ,161  569 8 47 2,576 
Avg. d e p t h  per w e l l ,  P t .  4,041 5,366 4,533 4,405 
Avg. cos t  p e r  well ,  $ 54,223 97,093 50,793 58,635 

Thus w e  see that  by v i r t u e  of being 30 percent  deeper, the cos t  of  
gas  wells i s  almost 80 percent higher  than o i l  wel ls ,  s ince  cos t s  
increase  very s t eep ly  w i t h  increased depth. Gas wel l  c o s t s  per  foot  
d r i l l e d  increased from $17.65 i n  1961 t o  $18.10 i n  1962. 

t h e  average wellhead p r i c e  compiled y e a r l y  by t h e  U.S. Bureau OS 
Mines.12 The average wellhead p r i c e  of  n a t u r a l  gas has  increased 
s i g n i f i c a n t l y  over the pas t  decade t o  15.5#/MCF i n  1962 (Fig.  2 ) .  
However, i t  should be cautioned that while t h i s  t abu la t ion  i s  u s e f u l  
i n  ind ica t ing  t r ends  it should not  be  construed as a measure o f  f i e l d  
p r i ces .  The U.S. Bureau of  Mines d a t a  do not  take i n t o  account the 
time de lay  i n  long-term su ply  con t r ac t s  nor  do they  d i f f e r e n t i a t e  
between low-value markets Psuch as carbon b lack  manufacture) a n d  high- 
value markets ( such  as i n t e r s t a t e  t r a n s p o r t a t i o n )  .' A t r u e r  barom- 
e te r  of cur ren t  wellhead p r i c e s  are s p e c i f i c  gas  purchase contracts .  

G a s  Pu r i f i ca t ion  

Avg. cos t  p e r  f t . ,  $ 13.41 18.10 11.20 13.31 

The m o s t  commonly accepted i n d i c a t o r  o f  f i e l d  gas  p r i c e s  i s  

Gas from the wellhead conta ins  i m p u r i t i e s  tha t  may be d e t r i -  
mental  t o  the  t ransmission p ipe l ine .  I n  order  t o  reduce corrosion 
problems and improve gas  qua l i t y ,  the gas  has t o  be pur i f ied .  Some 
wellhead gases a l s o  contain valuable  heavg'hydrocarbons which are re- 

' moved and sold f o r  g r e a t e r  value than f u e l  o i l  o r  gas. 

The p u r i f i c a t i o n  o f  n a t u r a l  gas  v a r i e s  w i t h  the  type of gas 
produced. It may involve the removal of  ob jec t ionable  compounds such 
as carbon dioxide,  s u l f u r  compowds, and water. Some gases have t o  
be scrubbed for light-hydrocarbon removal. The cos t s  of such p u r i f i -  
c a t ion  opera t ions  vary with t h e  type o f  n a t u r a l  gas  and the opera t ions  
performed. To meet p ipe l ine  s p e c i f i c a t i o n s  n a t u r a l  gas  i s  d r i e d  p r i -  
marily by chemical means, wherein a des iccant  o r  a hygroscopic l i q u i d  
i s  used t o  absorb t h e  water. Sul fur  compounds are removed by s t a n d a r d  
techniques such as those  using monoethanolamine and d ie thylene  g lycol  
so lu t ions ,  and ac t iva t ed  carbon boxes. 

The recovery o f  l i q u i d  products (gaso l ine  and l i g h t  ends) 
from n a t u r a l  gas  usua l ly  r e s u l t s  i n  a c r e d i t  t o  the p u r i f i c a t i o n  
operat ion.  However, it may be uneconomical t o  remove the  condens- 
ables, i n  c e r t a i n  cases ,  because their  r e l a t i v e  value i s  g rea t e r  than 
t h e  cos t  o f  t h e i r  removal. The c o s t s  assoc ia ted  with p u r i f i c a t i o n  
are a n e g l i g i b l e  p a r t  of  the  o v e r a l l  gas  cos ts .  

Avera e p u r i f i c a t i o n  c o s t s  f o r  major p ipe l ine  t ransmission c o s t s  run 
from fO.002 t o  $O.O03/MCF treated.  

R e  o r t ed  pur i f ica-  
t i o n  c o s t s  at 15 major companies range from $0.0002 E 8 t o  $0.0173/MCF.13 . 



TRANSPORTATION 

The importance o f  n a t u r a l  gas p i p e l i n e s  i s  exemplified by the  
f a c t  that as o f  1963 about 200,000 miles o f  p ipe l ines ,  no t  including 
f i e l d  ga ther ing  a n d  d i s t r i b u t i o n  l i n e s ,  were i n  use t o  meet t h e  de- 
mand f o r  n a t u r a l  gas. The growth of the indus t ry  can be seen by t h e  
twofold inc rease  i n  p i p e l i n e  mileage (F ig .  3 )  over t h e  pas t  1 5  years . '  
I n  1964 it was est imated that  over 11 t r i l l i o n  cu . f t .  of  gas  would be  
t ranspor ted  and so ld  by n a t u r a l  gas p ipe l ines ,  represent ing  a move- 
ment o f  about 232 m i l l i o n  t o n s  of gas .2  

publ ic  u t i l i t i e s  engaged i n  the i n t e r s t a t e  t r anspor t a t ion  o f  n a t u r a l  
gas, have been under federal r egu la t ion  f o r  many years .  The N a t u r a l  
G a s  Act of 1938 a n d  i ts  subsequent amendments p laces  r e s p o n s i b i l i t y  
f o r  th is  r egu la t ion  w i t h  the Federal  Power Commission (FPC). There- 
fo re ,  p r i o r  t o  t h e  cons t ruc t ion  o f  a new p ipe l ine  o r  the expansion or 
extension o f  present  f a c i l i t i e s ,  a c e r t i f i c a t e  o f  publ ic  convenience 
and n e c e s s i t y  must  be obtained from t h e  FPC. These c e r t i f i c a t e s  are 
u s u a l l y  granted only af ter  ex tens ive  hear ings  and inves t iga t ion  on 
the  adequacy o f  gas  r e se rves  dedicated t o  the p ro jec t ,  competency o f  
design,  a v a i l a b i l i t y  o f  market, a n d  f inanc ing  a b i l i t y .  

s t a t e  c a r r i e r s ,  n a t u r a l  gas p ipe l ines  gene ra l ly  a r e  not  c l a s s i f i e d  as 
common c a r r i e r s ;  they own and s e l l  most of  the gas  which flows through 
t h e i r  l i n e s .  The growing market f o r  which se rv ice  i s  t o  be provided 
r e q u i r e s  that  the des igner  a l low f o r  increased  fu tu re  demands. He may 
do t h i s  by a number o f  means, e.g., the use o f  a lower l i n e  pressure 
du r ing  the e a r l y  y e a r s  o f  the p ro jec t ,  p rovis ion  for added compression 
capac i ty ,  and the  i n s t a l l a t i o n  o f  l a r g e r  than necessary pipe. Assm- 
i n g  that the marke t  and s u f f i c i e n t  r e se rves  e x i s t ,  the  u t i l i t y  m u s t  
design and es t imate  the c o s t  o f  the new f a c i l i t i e s  p r i o r  t o  obtaining 
FPC c e r t i f i c a t i o n .  

Natura l  gas  p ipe l ines ,  because o f  their  c l a s s i f i c a t i o n  a s  

A s  compared t o  o i l  o r  product p i p e l i n e s  which a c t  as i n t e r -  

P ipe  Costs 

Many f a c t o r s  m u s t  be considered i n  eva lua t ing  t h e  d e s i g n  para-  
meters  for any given p i p e l i n e  p ro jec t .  The b a s i c  goa l  o f  any evalua- 
t i o n  must be t o  optimize the design w i t h  r e spec t  t o  cos t  and  capaci ty .  
The most i n f l u e n t i a l  f a c t o r  i n  the d e s i g n  a n d  cos t  o f  a p ipe l ine  f o r  
any given capac i ty  i s  t h e  pipe. Est imates  f o r  complete p ipe l ine  proj-  
e c t s  i n d i c a t e  t h a t  the cos t  o f  the p i p e ,  inc luding  i n s t a l l a t i o n ,  i s  
u s u a l l y  between 70 and 90 percent  of  the o v e r a l l  p ro jec t  cost .  The 
b a s i c  f a c t o r  i n  determining the cos t  of  a p ipe l ine  i s  the type of pipe 
used. The des igne r ' s  aim i s  t o  use the least amount o f  steel  f o r  a 
maximum d e l i v e r y  capac i ty ,  w i t h  t h e  h ighes t  poss ib le  pressure a n d  low- 
est  poss ib le  i n s t a l l a t i o n  cos t s .  

about 
about g2OO/ton f o r  X-60 p i p e  p60,OOO p . s . i .  y i e l d  s t rengthy.  The bal-  
ance o f  the i n s t a l l e d  c o s t  of  the  pipe i s  f o r  the coa t ing  and wrapping 
of the pipe and the a c t u a l  i n s t a l l a t i o n  charges. A summary of the 
t h r e e  c o s t  f a c t o r s  mentioned f o r  var ious s i z e  pipe i s  presented i n  
Table 2. 

Current F.O.B. m i l l  p r i c e s  for pipe  ( e a r l y  1964) range from 
175/ton f o r  Grade B p i  e (35,000 p . s . i .  y i e l d  s t r e n  t h )  t o  
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Ta.ble 2. -PIPELINE CAPITAL COST ESTIMATES' 

P i p e  w211 Yield Pipe Coating ' 

Size  , Thickness , St r e s  s , Go s t Ton/ Mat eria.1 s , I n  st  a l l a t  ion,  
i n .  i n .  p . s . i .  $/To; m i l e  $ / m i l e  $/ft . 
4-1/2 0.188 
8-5/8 0.219 
12-3/4 0.250 
16 0.250 
20 0.250 
26 0.312 

36 0.438 
42 0.500 

30 0.375 

35,000 208 22.6 310 
35,000 179 51.8 58 5 
46,000. 190 88.2 863 
52,000 210 110.9 1086 
52,000 208 136.9 1340 
52,000 200 208.6 1747 
52,000 188 314.2 2007 
52,000 193 438.2 2434 
52,000 202 586.1 2840 

2.40 

3 - 5 0  
4.00 
4.60 
5.40 

2.95 

5-90 

7.50 
6.70 

The cos t  f o r  var ious s i z e  t ransmission l i n e  p r o j e c t s  reported 
t o  the FPC i n  f i s c a l  1964' are summarized i n  Fig. 4. The c o s t s  re- 
sented include the right-of-way, materials (p ipe ,  coat ings,  e t c .  p,  
l abor ,  and miscellaneous charges. The high and low c o s t s  are a l s o  
shown. Local condi t ions can cause as much as a t h r e e f o l d  v a r i a t i o n  
i n  t h e  cos t .  

C ompr e s s o r  St  a t  i on s 

After t h e  pipe and i t s  associated cos ts ,  t h e  expenditure due 
t o  compression of t h e  gas  i s  the second major component of  transmis- 
s ion  investment. The number of compressor s t a t i o n s  that should be 
u t i l i z e d  on a p ipe l ine  are a funct ion o f  t h e  d is tance ,  p ipe l ine  opera- 
t i n g  pressure,  and de l ivery  required,  as w e l l  as the economic re- 
s t r a i n t s  such as operat ing c o s t s  ( f u e l ,  labor ,  maintenance, and mate- 
r ia ls) ,  and f ixed or  owning c o s t s  normally encountered ( insurance,  
taxes,and r e t u r n  on investment).  

~ l a r g e  pressure-drop between s t a t i o n s ,  which w i l l  i n c r e a s e  compression 
c o s t s  a t  each s t a t i o n  but  w i l l  reduce the number of s t a t i o n s .  

It may be advantageous t o  allow a 

The b a s i c  investment cos t  f a c t o r s  i n  the i n s t a l l a t i o n  o f  a 
compressor s t a t i o n  a r e  the compressor, pr ime mover, l a n d  and improve- 
ments, the s t r u c t u r e s ,  and  t h e  miscellaneous equipment. The average 
cos t  p e r  horsepower f o r  n ine  new mainline compressor s t a t i o n s  reported 
t o  t h e  FPC i n  1964 was $380.' The t o t a l  i n s t a l l e d  capac i ty  was 60,000 
h.p. The cost  var ied from $169/h.p. f o r  10,500 h.p. i n  Louisiana t o  
$518/h.p. f o r  6000 h.p. i n  N e w  Je rsey .  Table 3 l i s t s  t h e  average 
cost/h.p. reported from 1959 through 1964 f o r  new mainl ine s t a t i o n s  
and addi t ions .  Compressor s t a t i o n s  vary somewhat w i t h  l i n e  s i z e ;  
Table 4 shows the estimated cos t  f o r  compressor s t a t i o n s  as a func- 
t i o n  o f  nominal p i p e  s ize .  These c o s t s  inc lude  land, engineering, 
equipment, purchasing, a n d  inspec t ion .  

Procurement of  right-of-way i s  o f t e n  a major problem and can 
considerably increase  the cos t  o f  a p ipe l ine  p r o j e c t .  
land, t h e  population dens i ty  i n  the area, and the number of road, 
water,  and rail c ross ings  a f f e c t  the economic d e c i s i o n s  of  a l t e r n a t e  
routes .  
a c t u a l  experience a s  r e  o r t e d  t o  the F'PC f o r  30- and 36-in. p ipe l ines  
the cost/mile averaged g3650. 
both mountainous and r e l a t i v e l y  f l a t  t e r r a i n .  

The type of 
' 

Right-of-way c o s t s  range from $2000 t o  $4000 per mile.  I n  

These c o s t s  r e f l e c t  cons t ruc t ion  i n  
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Table 3. -COMPRESSOR STATION COSTS' 

- New Mainline - New Additions - 
Tota l  Capacity, 

h. p. 
F i s c a l  Tota l  Capacity, 
Year h.p. 

19 59 
1960 
1961 
1962 
1963 
1964 

Nominal Pipe 
Size,  i n .  

123,980 
242,850 
36,750 

l o g ,  080 
45,000 
60,000 

32 5 
208 

340 
338 
380 

326 

79 9 770 
396,115 
85,560 
101,840 
90,800 
100,200 

Table &.-COMPRESSOR STATION COSTS' 

Fixed S t a t i o n  
c o s t ,  $ 

12 250,000 
16 .250,000 
20 300,000 

36 650,000 
42 650,000 

26 500,000 
30 500,000 

27 1 
233 

251 
222 
233 

266 

Variable  S ta t ion  Cost, 
$/installed h.p. 

2 50 
2 50 
225 
225 
225 
225 

.2 50 

A p ipe l ine  must  a l s o  have communications f a c i l i t i e s ,  mainten- 
ance f a c i l i t i e s ,  meter s t a t i o n s ,  and  s a l e s  and r egu la to r  f a c i l i t i e s  
a t  d e l i v e r y  points .  

P ipe l ine  Construction and Transmission Costs 

A l a r g e  new p ipe l ine  proposal  presented t o  t h e  F P C  i n  1963 was 
t h e  1545-mile Gulf-Pacific P ipe l ine  Company system designed t o  t rans-  
po r t  gas  from south of Houston, Texas t o  t h e  Los Angeles area. The 
a p p l i c a t i o n  and  t he  f i g u r e s  support ing it e f f e c t i v e l y  summarize p i  e- 
l i n e  cons t ruc t ion  cos ts .  
m i l l i o n  or about $203,200/m11e.11 The l i n e  would r equ i r e  15 compres- 
sor s t a t i o n s  cost ing approximately $51 m i l l i o n  or about $273/h.p. 
The mainl ine system would u s e  36-in. x-60 pipe f o r  t he  ma'or port ion 
and would cos t  over $209 m i l l i o n  o r  an average of almost $150,000/ 
m i l e .  The pro jec t  investment c o s t s  are summarized i n  Table 5. 

The est imated cos t  of t h e  pro jec t  i s  $31 ! 

Table 5.-GULF-PACIF'IC PIPELINE CO. COST ESTIMATE" 
Unit Cost, $ 
149,849/mile 
72,162 mile  

Mainline ( 1397.8 miles) 
Gathering l i n e  (45.0 miles )  
Ca l i fo rn ia  La te ra l s  (102.4 miles) 108,47 /mile 
Sa le s  Regulator F a c i l i t i e s  
Compressor S ta t ions ,  (15,000-188,000 h.p. ) 273/h.p. 
Miscellaneous 

Overhead, 3.86$ 
I n t e r e s t  During Construction, 3$ 
Contingencies,  5$ 

d 

Tota l  Di rec t  C o s t  

Tota l  Pro jec t  Cost 203,20O/mile 

~ .. . . . . . .. ., 

Tota l  Cost, $ 
209,458,900 
3,247,300 

1,550, 000 

2,733,300 

ii, 108, ooo 
51,381,500 

279,479,000 
10,787,000 
8,708,000 
14,949,000 
313,9231 000 
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The t o t a l  opera t ing  cos t  of a p i p e l i n e  i s  composed o f  the a c t u a l  
cos t  of operat ions,  maintenance, genera l  se rv ices ,  and f ixed  charges. 
The g r e a t e s t  cont r ibu tor ,  excluding gas  purchase c o s t ,  t o  t h e  t o t a l  
cos t  i s  the f ixed  cos t  (Table 6 ) .  

Table 6 . - A m G E  1962 U.S. GAS TRANSMISSION COST13 
( Inc luding  Return) 

c o s t ,  ~ / M C F  
Purchase a n d  Production 20.6 
Operating Maintenance 2.7 
General Services 1 . 4  
Fixed Costs 11.5 

Average Delivered Cost 36.2 

The o v e r a l l  cos t  of transmission genera l ly  averages about 1.5#/MCF 
f o r  each 100 miles. 
F’PC,13 f o r  t h e  transmission f a c i l i t i e s  of 15  p i p e l i n e  companies i s  
lO.lP/MCF of gas  del ivered.  l 3  

the i n d u s t r y  has d i rec ted  continuing e f f o r t s  i n  the a r e a  of  transmis- 
s ion and p i p e l i n e  research  w i t h  a view t o  improved and more economical 
techniques.  
s t e e l  a n d  t h e  e n t r y  of  gas  t u r b i n e s  as prime movers. 
A. G.A. has sponsored research  on l i n e  pipe proper t ies ,  multiphase flow 
mechanics and  t r a n s i e n t  flow systems which w i l l  permit t h e  design of 
optimized and economical t ransmission systems. 

The average opera t ing  c o s t s ,  as reported t o  t h e  

Since t r a n s p o r t a t i o n  i s  a major component of t h e  cos t  o f  gas,  

Examples o f  t h i s  are the development of high-strength 
I n  addi t ion,  t h e  

STORAGE 

D i s t r i b u t i n g  companies faced w i t h  seasonal  v a r i a t i o n s  i n  d a i l y  
sendout normally c o n t r o l  the average cos t  o f  purchased g a s  by peak- 
shaving and the sales of  i n t e r r u p t i b l e  gas. I n t e r r u p t i b l e  gas i s  that 
which i s  sold w i t h  the understanding that i n  times of  excessive demand 
it  w i l l  be del ivered t o  o ther  customers. However, when a d i s t r i b u t i n g  
company i s  unable t o  s e l l  i n t e r r u p t i b l e  gas at s a t i s f a c t o r y  r a t e s ,  it 
w i l l  s t o r e  summer gas  t o  meet f u t u r e  winter f i r m  gas  sales. 
one of  the important components that inf luence  t h e  final del ivered gas  
cost  i s  s torage.  These l a r g e  volumes of  gas  can be most economically 
s tored  underground i n  depleted o i l  or gas r e s e r v o i r s  and i n  porous 
water-bearing formations, o r  aqui fe rs .  Any s torage  system mus t  be 
c lose  t o  the point  of u s e  but,  unfortunately,  underground geological  
formations s u i t a b l e  f o r  th is  type of s torage are n o t  a v a i l a b l e  i n  a l l  
par ts  of  the United S ta tes .  Depleted o i l  or gas r e s e r v o i r s  are con- 
f ined  t o  areas where favorable condi t ions for the  formation of o i l  and 
gas  depos i t s  once ex is ted  - areas  that can be developed with much less  
expense and  e f f o r t  than would be required f o r  a q u i f e r s .  
high developmental c o s t s ,  aqui fe r  s torage c o s t s  more than s torage i n  
depleted o i l  or gas f i e l d s .  

Economics 

ground s torage,  c e r t a i n  engineering considerat ions have t o  be m e t .  

Therefore, 

Because of  t h e  

Before an economic evaluat ion can be made o f  a p o t e n t i a l  under- 
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These cons idera t ions  a l s o  have an economic s i g n i f i c a n c e  on t h e  

c o s t  of s torage.  Obviously, t h e  l o c a t i o n  of a prospect ive underground 
s torage  s i t e  as near t o  t ransmiss ion  l i n e s  and markets as possible  i s  
v i t a l  for decreased expendi tures .  The s i z e  of the r e s e r v o i r  i s  d i c -  
tated by the maximum seasonal  demand which has t o  be met and a l s o  in-  
creased demand i n  t h e  fu ture .  High poros i ty  i s  conducive t o  s torage 
o f  a l a r g e r  volume of gas f o r  a given s t r u c t u r e .  
d e s i r a b l e  s i n c e  it p e r m i t s  the s torage  s t r u c t u r e  t o  rece ive  gas read- 
i l y  on i n j e c t i o n  a n d  d e l i v e r  i t  a t  high wi thd rawa l  rates when needed. 

1 
I 

4 

Good permeabi l i ty  i s  

1 

Table 7. -VARIATION O F  UNDERGROUND STORAGE COST’ 

Average, $/MCF Range, $/MCF 
Storage P lan t  Investment 0.98 0.34 - 2.05 
Cost of Storage Gas 

Fixed Charges, 15% 0.15 0.051 - 0.308 

Inventory Value  of G a s  Withdrawn 0.279 0.097 - 0.433 
Operating and Maintenance Expense 0.031 0.016 - 0.115 

T o t a l  Gas Cost/MCF 0.460 

Although the estimated u l t i m a t e  capac i ty  of underground s torage  
has increased,  t h e  increas ing  gas  demand and lack  o f  s u i t a b l e  under-  
ground s t o r a g e  loca t ionshave  spurred t h e  i n d u s t r y  i n t o  i n v e s t i g a t i n g  
alternate means of s torage  f o r  peakshaving. 
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One of t he  newly developed methods i s  the s torage  of gas as a 
l i qu id .  Liquid n a t u r a l  gas can be s tored  at atmospheric pressure and 
-259'F., where i t  has t h e  advantage of containing 630 volumes of gas 
as 1 volume o f  l i q u i d .  A t  present ,  t h ree  methods of LNG s torage a r e  
ava i l ab le  t o  t h e  gas industry:  

1. Aboveground metal. t anks  
2. Cryogenic inground s torage  
3 .  Belowground prestressed-concrete  tanks.  

The s torage  o f  LUG at cryogenic temperatures involves  spec ia l  problems 
and ma te r i a l s ;  techniques have been developed which permit  the  s torage 
container  t o  withstand t h e  extremely l o w  temperatures.  The cos t s  of 
LNG s torage  vary with capac i ty  as shown i n  Fig. 6 f o r  aboveground metal  
t a n k s  ($1.80/MCF f o r  1 mi l l i on  MCF) and i n  Fig. 7 for belowground pre- 
s t ressed-concre te  conta iners  ($1.50/MCF f o r  1 mi l l ion  MCF) . The 
prestressed-concrete  tank s torage technique was successfu l ly  demon- 
s t r a t e d  a t  IGT under sponsorship o f  t he  American Gas Association. 
Present  e f f o r t s . a t  I G T  are d i r ec t ed  towards the  s torage  of l a rge  vol- 
m.es of IJVG i n  underground caverns. The acceptance o f  t he  LUG storage 
technique has r e su l t ed  i n  construct ion of t h ree  major i n s t a l l a t i o n s  i n  
recent  months. Double-walled metal LNG s torage tanks are being in -  
s t a l l e d  a t  Birmingham, Alabama and San Diego, Cal i forn ia ,  and a cryo- 
genic  inground s torage p i t  i s  being constructed a t  Hackensack, New 
Jersey.  Once the  gas  has  been de l ivered  t o  t h e  c i t y  ga t e ,  perhaps hav- 
i n g  been s tored  a t  some in te rmedia te  poin t ,  it m u s t  s t i l l  be d i s t r ibu ted  
t o  t he  ind iv idua l  customers. 

DISTRIBUTION 

I n  1963, 434,000 mi les  of d i s t r i b u t i o n  piping w a s  used t o  sup- 
p ly  35.5 mi l l i on  customers. The dominant economic f a c t o r  i n  gas  d is -  
t r i b u t i o n  i s  t h e  charac te r  of t h e  demand which v a r i e s  w i t h  each of  the 
four  types  of customer appl ica t ion :  

1. Res iden t i a l  and small commercial - non-spaceheating 
2. Res ident ia l  - spaceheating 
3 .  Small-volume commercial and i n d u s t r i a l  - spaceheating 
4. Large-volume commercial and i n d u s t r i a l  

I n  addi t ion  t o  these  c l a s s i f i c a t i o n s  a d i s t r i b u t i o n  company may a l s o  
s e l l  gas t o  the  i n t e r r u p t i b l e  customers. A s  publ ic  u t i l i t i e s  gas d i s -  
t r i b u t i o n  companies have an i m p l i c i t  cont rac t  with t h e i r  f irm customers 
t o  sat isf 'y  t h e i r  demands at a l l  t imes.  Since a high percentage of firm 
customers use gas f o r  spaceheating, such demand i s  very responsive t o  
weather condi t ions.  

This widely f l u c t u a t i n g  demand p r e c i p i t a t e s  a problem o f  supply 
tha t  i s  fe l t  a l l  the way back t o  the  producer. 
f i n e  ourselves  t o  i t s  e f f e c t s  on the d i s t r i b u t i o n  company, f e l t  moat  
keenly by the  northern u t i l i t i e s  who experience the  widest temperature 
v a r i a t i o n s .  
a, l e s s e r  ex ten t .  The s t r u c t u r e  of gas  r a t e s  s t r e s s e s  the necess i ty  t o  
maintain high load f a c t o r s .  The cos t  o f  gas t o  most companies i s  com- 
puted from a two-part rate. The f i r s t  p a r t ,  the demand charge, or 
f ixed  cos t ,  i s  payable monthly a n d  i s  based on t h e  m a x i m u m ,  da i ly  con- 
t r a c t e d  (wi th  the  p ipe l ine )  quant i ty ;  t h e  second p a r t ,  the  commodity 

However, w e  w i l l  con- 

The southern gas companies have the same problem, b u t  t o  
. 
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c o s t  or var i ab le  cos t ,  i s  t h e  d i r e c t  cos t  for each 1000 cu.f t .of  gas 
purchased. Table 8 t y p i f i e s  the problem faced by some d i s t r i b u t i o n  
companies i n  t h e  Northeast .  In  t h i s  ins tance ,  t h e  demand charge i s  
$65/MCF of d a i l y  capac i ty  contracted and t h e  commodity cos t  i s  $0.31/ 
MCF of gas a c t u a l l y  de l ivered .  

Table 8.-PIPELINE GAS COST 
Usage, days Cost, $/MCF 

20 0 
30 0 
36 5 

1.61 

0.64 

0.49 

0.96 

0.53 

It i s  r e a d i l y  apparent  that  management w i l l  at tempt t o  op t i -  
mize t h e  purchase pa t t e rn  of gas.  Many methods a r e  used t o  obta in  
a h igher  l o a d  f ac to r  than would be obtained through exc lus ive  p ipe-  
l i n e  purchase. 
e rn  u t i l i t y .  
summer months. Many gas companies attempt t o  f i l l  t h i s  va l l ey  by s e l l -  
i ng  i n t e r r u p t i b l e  gas  t o  i n d u s t r i a l  and/or commercial customers, or 
through t h e  use  o f  s to rage  systems which was discussed previously.  
Among the  o the r  techniques for peakshaving a r e  the  u s e  of propane-air 
mixtures ,  manufactured gases ,  a n d  s p e c i a l  purchases of peakload pipe- 
l i n e  gas. 

D e s i m  

peaks, as wel l  a s  d a i l y  a n d  seasonal  demands. D i s t r ibu t ion  systems are 
gene ra l ly  designed t o  be a b l e  t o  serve the  maximum r a t e  o f  gas demanded 
over a 15-30 minute period. 

D i s t r ibu t ion  system pressure  i s  the  f i r s t  design parameter t h a t  
m u s t  be defined a f t e r  the load i s  known. The system pressure  d i r e c t l y  
in f luences  the cost  of a system because t h e  major investment (80 per- 
cen t ) '  o f  a gas  d i s t r i b u t i o n  company i s  i n  i t s  mains and serv ices .  
(Se rv ices  a r e  t h e  p i p e s  from t h e  s t r e e t  mains t o  the  customer's  meter . )  
Pipe c o s t s  are d i r e c t l y  related t o  volume of gas del ivered a n d  oper- 
a t i n g  pressure.  Maximum design pressure for d i s t r i b u t i o n  systems ra re-  
l y  exceeds 60 p.s.i.g.;many companies opera te  t h e i r  systems below 25 
p . s . i .g .  

Because of t h e  h igh  proportion of investment i n  mains and  ser- 
v i c e s  and t h e i r  d i r e c t  e f f e c t  on the d i s t r i b u t i o n  C o s t ,  it i s  impera- 
t i v e  t h a t  new d i s t r i b u t i o n  system investments be optimized. Future  
l o a d s  for expanding communities must be accura te ly  est imated t o  opt i -  
mize cos t s .  The cos t  of mains va r i e s  considerably across  var ious sec- 
t i o n s  of t he  country because of t h e  g r e a t  v a r i a b i l i t y  of labor  cos t s  
and i t s  l a r g e  e f f e c t  on i n s t a l l e d  main cos ts .  Generally, the only pre- 
d i c t a b l e  c o s t s  are those  of t h e  pipe i t s e l f .  However, some genera l  
e s t ima tes  have been made. For example, the cos t  of i n s t a l l i n g  1000 ft. 
of a 6-in. s t e e l  main i n  a suburban area was est imated as $5150; the  
c o s t  of i n s t a l l i n g  a 50 ft., 1-in. se rv ice  would be $175.3 

Fig. 8 shows a hypotheticatf. sendout curve for a north-  
It can be seen t h a t  a l a r g e  val ley" e x i s t s  during the  

The d i s t r i b u t i o n  system m u s t  be designed t o  meet instantaneous 

i. 

4 

I 
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The cos t  of new d i s t r i b u t i o n  f a c i l i t i e s  a l s o  inc ludes  the cos t  
of meters a n d  pressure r egu la to r s ,  which account for about 14 percent  
of t o t a l  d i s t r i b u t i o n  system investment. The cos t  v a r i e s  from about 
$45-$50 for r e s i d e n t i a l  meters  t o  almost $5000 for the large-volume 
meters.  The average investment for d i s t r i b u t i o n  f a c i l i t i e s  i s  about 
$325/customer. 

The t o t a l  c o s t s  for gas d i s t r i b u t i o n  inc lude  f i x e d  charges on 
t h e  d i s t r i b u t i o n  system investment, and the operat ing,  maintenance, 
and customer accounts expenses. The f ixed  charges,  averaging about 
$42.60/yr. per customer exceed a l l  o the r  c o s t s  combined, which have an 
average t o t a l  of about $19/yr. per  customer.' 
c o s t s  i s  that the design and opera t ion  of mains. and s e r v i c e s  is o f  
paramount importance and must no t  be l e f t  t o  chance. The d i s t r i b u t i o n  
expenses cont r ibu te  9.3 percent  o f  the t o t a l  opera t ing  c o s t s  i n  a d i s -  
t r i b u t i o n  company. Table 9 de t a i l s  t h e  o the r  items of expense. Note 
that purchase and production of gas a r e  by far t h e  l a r g e s t  cont r ibu tor ,  
77 percent ,  t o  the t o t a l  opera t ing  expenses. 

The impl ica t ion  of  t hese  

Table 9. -TOTAL DISTRIBUTION COMPANY OPERATING COSTS I N  1962l 

Cost D i s t r ibu t ion ,  $ 

Purchase and Production 77.0 
Transmission and Storage 5.5 
Di s t r ibu t ion  and Customer Accounts 9 .3  
Sales ,  Administration, and General 8.2 

100.0 

While the cos t  of gas purchases o f f e r  the largest t a r g e t  f o r  
cos t  reduct ion  through improved s torage  and t r anspor t a t ion  methods, 
the o the r  c o s t s  o f f e r  many oppor tun i t i e s  through advances i n  technology 
a n d  improved methods. Such e f f o r t s  are being extended by the indus t ry  
through industrywide r e sea rch  by the A.G.A. and through ind iv idua l  com- 
pany e f f o r t s .  
de t ec t ion  and s tud ie s  o f  nonwelding techniques o f  j o in ing  pipe a t  IGT,  
and s t u d i e s  i n  t h e  use o f  p l a s t i c  pipe a t  B a t t e l l e  Memorial I n s t i t u t e .  
A number of p r o j e c t s  are a l s o  being conducted at the  A.G.A. labora- 
t o r i e s  i n  areas assoc ia ted  w i t h  domestic gas  usage. 

A c t i v i t i e s  inc lude  development of new methods o f  l e a k  

CONCLUSION 

We ha.ve t r aced  the rou te  of our supply of gas  from t h e  wellhead 
t o  the consumer and discussed the problems and r o l e  that  each s t e p  
p lays  i n  t h e  o v e r a l l  economics. Although consumer g a s  p r i c e s  vary, an 
average for a l l  c l a s s e s  of se rv ice  showing the cont r ibu t ion  of each 
s t e p  can be ca lcu la ted :  

Table 10 .  -AVERAGE GAS PRICE' 

Production 
Pur i  f i c a t  i on  
Tran s m i  s sion 
Storage 
D i  s t r ibu  t ion  

Price Factor,  $/MCF Contribution, $ 
20.4 32.4 
0.2 0.3 
15.6 24.8 
0.7 

26.0 
62.9 

1.1 
41.4 
100.0 

i 
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Storage a n d  d i s t r i b u t i o n  account for 42.5 percent of the average 
Following i s  t h e  average consumer p r i c e  for 1 MMAtu (1 MCF) of energy. 

p r i c e  paid i n  1963 for 1MCF of gas  i n  each of the three major c l a s s e s  
of se rv ice :  

Table 11.-AVERAGE PRICE PAID FOR GAS I N  1963l 

Resident  i a1 0.99 
C o m e r c i a l  0.77 
I n d u s t r i a l  0.34 

$/MCF 

The l a r g e  p r i c e  v a r i a t i o n  among t h e  d i f f e r e n t  types of serv ice  
i s  due pr imar i ly  t o  the volume purchased and t h e  a l l o c a t i o n  of t h e  en- 
t i r e  system's  f ixed  charges on investment. The r e s i d e n t i a l ,  most com- 
merc ia l ,  and a few i n d u s t r i a l  consumers, pay for and rece ive  a guaran- 
t e e  of continuous serv ice .  Payment for t h i s  guarantee comprises a 
major por t ion  o f  the f i x e d  investment. Despite r i s i n g  p r i c e s  a t  the 
wellhead and i n  t h e  n a t i o n ' s  o v e r a l l  economy, the continuing advances 
i n  research and development i n  the gas  i n d u s t r y  have provided the con- 
sumer w i t h  r e l a t i v e l y  stable gas  p r i c e s  and have g r e a t l y  increased t h e  
market demand for gas. 
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